This work describes a fast gas chromatograph, time-of-flight mass spectrometer (GC/TOFMS) for portable field use. The goal is to create a total system solution that meets performance, size, weight, power, cost, and ruggedness requirements for a laboratory in the field. The core technology will also be adaptable to specific applications, including real-time point detection for hazardous chemical releases (e.g., chemical weapons), for biological agent signature identification, and for mobile monitoring platforms (e.g., air, ship, truck).
INTRODUCTION
Previously we presented results of a feasibility demonstration for a 30 pound field-portable TOFMS system 1 . In this work we present recent progress in integrating a low-power, high-speed GC and show the capability for accurately recording fast GC transients for targeted compound detection using a quadrupole ion trap, time-offlight instrument (QitTof).
The characteristics of the present system that differentiate it from existing technologies are the use of a photoionization source 2 , high sampling rate, MS/MS TOF capability, differential pumping for high gas throughput at modest pump capacity, and a system approach that minimizes total weight and power. In this paper we describe latest results incorporating a low-power, high-speed GC sampler 3 .
EXPERIMENTAL
A photoionization source was used to ionize the eluent of the GC column. This source also offers the potential to conduct rapid screens of targeted compounds in complex mixtures without requiring the gas chromatography (GC) separation stage. This combined utility can then be used to conduct large numbers of analyses and perform on-demand GC/MS for quantitative analysis only when a targeted compound is detected during screening mode.
A quadrupole ion trap (QIT), time-of-flight mass spectrometer (TOFMS) was designed for field-portable use. Initial tests of the field portable system used a 22 cm flight-path linear TOF (L-TOF). A machine assembly drawing is given in Figure 1 . The details of this prototype system were described previously 3 . The low power GC assembly (RVM Scientific, Inc.) consumes an average of 15 watts per GC run for temperature programmed ramps and less for isothermal heating. The feasibility measurements shown here used isothermal heating of the column. These experiments were conducted on a benchtop QitTof instrument to test the feasibility and optimize conditions. The conditions however, are compatible with the field-portable instrument. Figures 2 and 3 show results of a 0.1 µL injection of a PVOC sample for isothermal heating at 40°C and column head pressure of 27 psig He. The mass-selected GC traces in Figure 2 show characteristic masses for all of the compounds, except for MTBE (m/z 73); the secondary fragment m/z 57 for MTBE is observed instead. Direct liquid capillary infusion measurements of MTBE however, show a dominant m/z 73 peak. We are not sure why the relative intensities of these two peaks should differ for GC versus. direct liquid introduction of MTBE. Comparison of m/z 57 trace recorded for two different acquisition rates. In both cases, mass spectra were recorded and stored at 60 spectra/second. The top spectrum corresponds to summing every six spectra.
CONCLUSIONS
All sample constituents are clearly resolved in less than 90 seconds except for m-and p-xylenes. The early eluting analytes MTBE and benzene have superior peak shape and resolution (less than 1 second) while the late eluting compounds demonstrate fronting problems and moderate resolution. The inclusion of temperature ramping to the column heating method and a larger bore column to reduce the head pressure should alleviate these problems. Figure 3 compares the m/z 57 GC-peak of MTBE recorded at 60 spectra and 10 spectra/s. In both cases, MS acquisition was 60 Hz; however, in the latter case, every six spectra were summed. These results show the capability for QitTof to fully resolve the fast transients that result from high-speed GC.
We anticipate a demand for a GC/MS that can operate in two modes: rapid screening (10 seconds) of complex mixtures using PI MS and on-demand GC/MS using EI and library matching for detailed analysis. This strategy would provide maximum efficiency and sampling rates, particularly if operating on battery power.
